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INTRODUCTION
The modern industry of mineral wool production is
characterized by high automation. All processes of raw
material and fuel feeding including components com
pleting, weighing, transportation, and feeding into a
furnace are automated and performed according to a
program. Special sensors determine and control the
centrifuge’s rotary speed, blowing temperature and
humidity, and gas output. But several problems have
not yet been solved, for example, the problem of how
to consider the melt flow rate. Ordinary procedures for
measuring the liquid flow rate are not suitable, since
the medium is corrosive. The existing procedures for
determining the melt flow rate are not efficient enough
and do not meet the requirements on planning pro
duction cost. However, continuous checking on the
melt flow rate is one of the most important problems
for mineral wool production, since if the flow rate is
overvalued, the raw materials and fuel are excessive,
and if the flow rate is undervalued, the production
quality drops. In any case, a sharp variation in melt
flow rate is a symptom of any failure dealing with fur
nace operation. The melt flow rate should be moni
tored continuously making it possible to increase the
production quality.
THE MAIN PART
To calculate the volume of material flowing out of
the melting furnace for a certain period of time (melt
discharge), it is necessary to know the material rate of
motion within this period of time and the flow cross
section. The problem on how to estimate the material
rate of motion can be solved by a procedure for image
recording. Under image recording we mean the pro
cess for determining the fragment position of one
image in another one.
Let (x, y) be the image of material flow at time
moment t0. Let one of its N × N fragments, in particu
lar, (xe, ye) = WN(x – xe, y – ye) (x, y) contain an
image of the greatest relief segment of material flow,
the coordinates of which coincide with the fragment
center (xe, ye); we call it a reference fragment (Fig. 1).
In the next frame, we call it the current one (x, y);
at the time moment t1 the center of reference fragment
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Fig. 1. Reference fragment of material flow.
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(xe, ye) travels from point (xe, ye) into another one,
for example, into point (u*, v*).
The procedure for image recording is as follows.
The search for the N × N window WN is scanned
according to (x, y). In each position WN separates
fragment (u, v) = WN(x – u, y – v) (x, y) from
the current image, for which the similarity with refer
ence fragment (xe, ye) is determined. The position
(u*, v*) of the search window WN(x – u*, y – v*)
under which there is the greatest similarity between
(u*, v*) and (xe, ye) makes it possible to deter
mine the shift value of the reference fragment and the
rate of motion for the material flow.
We reviewed algorithms for images matching with
respect to the examined scientific field, in particular,
for estimating the jet motion between two neighboring
video frames, and we revealed that the most promising
in terms of matching accuracy and computation com
plexity was the set of algorithms based on the measure
of similarity μ between the reference (x, y) and cur
rent (u, v) signals. It was calculated by using the
absolute difference method (MAD) [1]:
The modifications of this algorithm are as follows:
the optimized strategies for searching for a global
extremum for the measure of similarity are different
[1–3]. Such strategies are threestep search, hexago
nal search, and crosshexagonal search.
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To determine the accuracy of shift estimation, we
programmed and simulated these algorithms mathe
matically. As test images we choose three typical sub
jects that present images of two sequential video
frames (previous and current) of melt jet running out
of the melting furnace. One such subject is presented
in Figs. 1 and 2.
To verify the algorithms, we develop additional
software that makes it possible to estimate by hand the
shift of the jet image between two neighbor frames.
Figure 3 depicts the results of video frame match
ing performed by hand.
The quantitative characteristics obtained accord
ing to the experimental results are presented in the
table. The size of the processed video frames is 768 ×
576 pixels, and the size of the reference image is 250 ×
250 pixels. The time of algorithm operation is aver
aged, since the OS WINDOWS is not an online oper
ating system and it is impossible to measure exactly the
time for executing one algorithm or another.
The examined procedures for estimating the shift
of image (u, v) with respect to image (x, y) are
2D procedures. That is why their computation com
plexity is significantly higher than the computation
complexity intrinsic to their 1D analog. Due to this
fact, it is of interest to develop quick algorithms for
estimating the shift of 2D images, the computation
burden of which is close to the computational burden
intrinsic to the 1D algorithm.
To solve this problem, it is suggested to use a
method for separating the 2D shift onto two indepen
dent 1D ones that makes it possible to process 1D
arrays instead of 2D ones.
The separation is performed by calculating the
cyclic invariants for each line and each column (a kind
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Fig. 2. Current fragment of material flow.
Fig. 3. Visualization of test image matching performed by
hand.
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of generalized projection (shadows) of the 2D image
onto two mutually normal directions). A particular
case of this method is the procedure for generating an
ordinary “shadow,” to summarize all elements for
lines and columns.
Let f(x, y) be the brightness function of a certain
image, x, y = , S(⋅, ⋅, …, ⋅) be a symmetric
function with respect to N variables (for example,
), and {U
ω
(•, •, …, •)|ω = } be an arbitrary
set of K functions with respect to l variables. Let us take
l arbitrary horizontal countings f(x1, y), f(x2, y), …,
f(xl, y), and let us calculate as follows:
where ⊕ means summarizing over mod N. If the whole
array { f(0, y), f(1, y), …, f(N – 1, y)} is shifted cycli
cally, there is change of variables U
ω
[…] inside sym
metrical function S, which does not change its value.
The value
we call an invariant of yth column for image f(x, y). A
set of invariants  under ω = const, y = 
forms a 1D array, a line, and we call it an invariant pro
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jection for columns with number ω. For a similar
invariant line projection, we use the designation .
CONCLUSIONS
If we separate the motion of the 2D object into
mutually orthogonal directions, it becomes possible to
estimate the shift by means of the 1D method, for
example, MAD, independently of each other. If we use
this approach for estimating the rate of motion for the
jet flowing out of the melting furnace, it makes possi
ble to reduce the time of algorithm operation down to
8 ms, to estimate online the melt discharge, and to do
it in television standard.
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The results of algorithm simulation for images matching according to the measure of similarity MAD with different strategies
for searching for a global extremum
Strategy 
for searching for 
a global extremum
Tested flow
The way to estimate the video 
frame shift for a jet flow The error of algorithm operation
The time 
of algorithm 
operation (ms)by hand (pixels) algorithmic (pixels) absolute (pixels) relative %
Total search 1 333 334 1 0.3 4073
2 328 328 0 0
3 340 342 2 0.58
Threestep search 1 333 318 15 4.5 79
2 328 340 12 3.66
3 340 352 12 3.53
Hexagonal search 1 333 326 7 2.1 53
2 328 320 8 2.44
3 340 335 5 1.47
Crosshexagonal 
search
1 333 336 3 0.9 28
2 328 326 2 0.61
3 340 344 4 1.18
PATTERN RECOGNITION AND IMAGE ANALYSIS  Vol. 23  No. 4  2013
A WAY TO ESTIMATE THE DISCHARGE OF THE MELT JET FLOWING OUT 501
Vasilii N. Kruglov. Graduated from
the Kirov Ural Polytechnic Institute
in 1977 (radio engineering depart
ment, specialty Automation for con
trol systems). Candidate of technical
science since 1989. Fields of interest:
systems of technical vision: develop
ment, manufacturing and introduc
tion in to mining and metallurgy
enterprisers. In 2005 Kruglov devel
oped the television computer system
“Size Indicator” for checking the
granulometric composition of milled ore and introduced it at
the Mikhailovsk oredressing and processing enterprise. In
2006 he developed (jointly with NPVP TOREKS Company)
a system for controlling the cuptype pelletizer for producing
raw rolls and introduced it at the Lebedinsk oredressing and
processing enterprise (Staryi Oskol). In 2007 he developed
the television computer system “Indicator for Jet Discharge”
for estimating the melt flow rate of a small melting furnace for
mineral wool production and introduced it at the AKSI enter
priser (Chelyabinsk).
Artem V. Kruglov. Received bach
elor of engineering and technology
(specialty information and computer
sciences (Ural Federal University).
Presently studying for master’s degree
(specialty Information and Control
Systems). Fields of interest: computer
vision, image recognition and recon
struction, automated control systems.
At the present time he is a director of
a company designing control systems
based on technical vision.
